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@ Microelectronic sensor assembly. 

@ A rtiicroelectronic semiconducteur eien^ent 12 is 
mounted on to a headeir 13. and integrally combined with 
one or more metallic sensing electrodes 20. 21 by encapsu- 
lation in a chemically and electrically inert material 19. to 
provide a miniature sensor assembly suitable for the detec- 
tion and measurement of oxygen and other substances. 

Gold or gold alloy semiconductor-device bonding 
wires are suitable as the metallic sensing electrodes and 
pemiit low-cost, riiass-productton capability. The basic as^ 
sembly can be engineered in various foirms for different 
biomedical applications and is readily modiried. by the addi- 
tion of appropriate electro-active films to the device surface, 
into a sensor for a variety of chemical and biochemical 
substances, including enzyme substrates. 
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MICROELECTRONiC SENSOR ASSEMBLY 
Field of the Invention 

The present invention relates to an active, 
miniaturie, solid-state amperometric electrode assembly. 
In particular, the invention relates to a novel 
electrode assembly with integral microelectronic .signal- 
processing, which is particularly well suited for 
application as an oxygen-sensing electrode. 

Description of the Prictr Art 

Amperometric electrodes are well known and 
widely used for the detection and measurement of 
various chemical properties- ("Chemical properties", 
as used herein, shall be understood to include ion 
activity and concentration, presence and concentra- 
tion of enzymes, substrates, antibodies, antigens, 
hormones and reducible gases, and the presence, 
concentration and activity of any of a variety of 
chemical and biochemical substances including 
the constituents of enzymatic systems, e.^* serum 
enzymes, glucose, lactates, pyruvates, creatinine, 
urea and the constituents of the immunochemical system). 

The most widely used amperometric electrode 
is that used for measuring the partial pressure of 
oxygen (pO^) in aqueous solution, commonly called a 
pOj electrode as originally developed by Clark 
(Trans- Am- Soc. Art. Int. Organs, 2 (1956), A1-8) 
which is based on amperometric measurement of oxygen 
reduced at a cathode maintained * at typically -0.6 V 
with respect to, for example, a silver/silver-chloride 
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(Ag/AgCl) non-jpolarised anode. The electrode is 
usually separated from the sample by an oxygen per- 
meable membrane. (See "the acid-base status of the 
blood", (4th Ed.) (1974), pp. 175-181, 0. Siggaard- 
Anderson, Alden and Mowbray Ltd., Oxford.). The 
cathode material must be relatively inert, and the 
surfacie area exposed to the sample must be small 
in order to. restrict depletion of oxygen in the 
sample by the lise of the electrode. In practice, 
this is usually achieved by sealing a fine platinum 
wire into a glass rod; for example the Radiometer (Co- 
penhagen, Denmark) Typ.e E5046 pOg electrode uses a 
20 [xm diameter platinum wire -supported in a glass 
rod approximately 7 mm diameter arid 12 mm in length, 
Cathodic reduction of oxygen by this- electrode 
generates an output current of approximately 20 pA/mraHg 
at 37**C, equivalent to a signal current of approxi- 
mately 3.nA. at normal atmospheric pO, at a polarizing 

voltage of -0.65 V. Thus, the source impedance of the 
8 

electrode is >ld ohms, and requires sophisticated 
and sensitive electronic instrumentation to perform 
curreht-to-voltage conversion and high-to-low 
impedance conversion in order to drive recording 
or display devices. The high electrode impedance 
requires that the cable between the electrode and 
the instrumentation must be carefully electrically 
screened with high quality, low-leakage ca'ble and 
connectors, which add significantly to the bulk of the 
electrode. Conventional electrodes of this type are 
labour-in.tensive, and costly, to manufacture. 
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Summary , of this Iriyehtion 

The present invention is concerned with the 
Integration of the cathode electrode, or anode- 
cathode pair, and an appropriate microelectronic* 

5 signai-proc€tssins device into a single unit, an 

integrated-circuit araperometric sensor {hereinafter 
referred to as I*C.A.S.) with unique and significant 
advantages over the present state-of-the-art electrode, 
especially with regard to bibmedical usage. . The 

10 present invention also describies techniques and 

materials for the fabrication of such electrodes 
which are entirely compatible with the present 
state-of-the-art of integrated circuit packaging. 

The invention provides a miniature sensor 

15 assembly for the detection and electrochemical 

measurement of oxygen and/or other chemical properties 
of the environment to which it is exposed, comprising: 
a microelectronic semiconductor element (12) or 
plurality thereof; a metallic sensing electrode 

20 (20, 21) or plurality thereof; a substrate (13) for 

the physical support of the aforementioned and 
permitting external electrical connections to be 
made to the said semiconductor element(s) and 
electrode(s) , integrally combined and enclosed, or 

25 partially enclosed, in a chemically-resistant 

electrically inert material (19) in such a way as to 
expose a portion of one or more of the metallic 
electrodes to the environment. 

Furthermore, the basic conventional ampero- 

3d metric electrode forms the basis of other types of 

sensor, such as enzymatic-sensitive devices ("Multi- 
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purpose electrode with different enzyme systems bound 
to collagen films", Bertrand, C, Coulet, P.R. and 
Gautheron, D^C, Anal. Chim. Acta (1981), 226, 23- 
34.); such devices are an impbhtant part of the 

5 present invention. 

There are various ways in which our 
invention may be physically engineered} we do not 
exclude any such ways from the scope of the present 
invention. Two techniques are described herein- 

10 after to illustrate different methods of fabrication 

of I,C;A.S. die vices, which provide the most iiseftil 
fuhctionaa forms of sensor. The first technique 
provides sensors which are of similar physi- 
cal dimensions to their conventional electrode 

15 counterparts, and may therefoi^e be used as a direct 

and superior replacement for the latter, whereas 
the second technique describes the fabrication of 
I.C.A.S. devices of such dimensions, and in such a 
way, that they may be conveniently mounted as 

20 catheter-tip devices for in-vivo biomedical 

application, for example, as foetal scalp pO^ 
electrodes . 

The nature of the I.C.A.S, devices 
described herein also permits improvements in other 

25 areas of measurement, such as the transcutaneous 

pOa technique (see "Use of transcutaneous oxygen 
electrodes in intensive tlierapy", Aldaidy,, W. , 
Skeates, S.J., Hill,. D.W., Tinker, J., Intensive 
Care Medicine (t977), 3 (1), 35*9.), which is 

30 presently limited by the relatively large surface area 

of the conventional electrodes employed theY-ein. 

The multifold advantages of the present 
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invention over conventional state-of-the-art 
electrode systems are summarised below: 

1) The small size of I.C.AtS. 
devices is particularly useful 
for biomedical applications such 
as catheter-tip pOj sensors and 

for transcutanieous pOj measurements. 

2) Low-cost fabrication is easily 
achieved as the materials and 
techniques used are already widely 
used in ihtegrated-circuit encap- 
sulation procedures and arie 
inexpensive. 

3) • I.C.A.S. devices are inherently 

robust as they are solid-state 
transducers with no fragile 
components (e.g. gla'ss) used in 
their construction. 
A) Mass-production is readily achieved 

as the fabrication techaiques are well- 
suited to automation; minimal man- 
ual involvement is required. 

5) Multi-function integration is possible 
a plurality of I.C.fi.S. devices may 

be incorporated into a single assembly 
for the simultaneous detection and 
measurement of more than one chemical 
property. 

6) I.C.A.S. devices have low output 

impedances, typically 60 ohms (as 

8 

opposed to approximately 2 x 10 ohms) 
due to the integrated current-to- 
voltage and impedance conversion 
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Circuitry. This eliminates the 
requirement for low-leakage .screened 
cable access to the sensor, and is 
particularly important in foetal 
scalp pOa meiasuremehts where the 
environment contains substantial 
electrical interference and where 
physical placement of the isensor 
is difficult. 

7) Various ways of engineering I.C.A.S. 
devices provide sensors physically 
suited to widely diffef»ent applications, 
as described hereinbefore • 

8) The electrical output and power 
requirements of the present Invention 
are compatible with instrumentation 
which is presently used with 
conventional amperometric electrodes. 

9) the sensitivity of I.C.A.S, devices 
issuperibr to that of conventional 
amperometric systems Which is limited 
by three factors: (i) the quality 

of the electrode surfaces; (ii) the 
quality of the a.ectrohic instrumenta- 
tion: (iii) the quality of the 
electrical connections between the 
two former items (with- regard to 
electrical leakage and adequacy of 
-screening). I.C.A.S. devices eliminate 
the latter requirement. 
In accordance with one aspect of the. present 
invention, the I.C.A.S. device is engineered in such a 
way that it is dlraensionally similar to its conventional 
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counterpart, and therefore physically compatible 
with instrumentation already widely established 
in many analytical laboratories. . 

In accordance with ano-ther aspect of the 
present invention, the I^C.A.S. device is engineered 
to form siensors of such a small size and robust 
nature that they may be mounted on to catheter- 
tips or adapted to in«^viv6 biomedical- appllcatioh. 

Pescripti0n of the Drawings 

The objects and additionail features of 
the present invention will become apparent from the 
following description taken in conjunction with 
preferred embodiments with reference to the accomp- » 
anying drawings, .in which: 

Fig. 1. shoWis a schematic diagram of 
an operational amplifier in 
current-tb-voltage conversion 
configuration. 
'Fig. 2. shows an amperometric electrode 

pair, polarizing voltage source, . 
and current-to-voltage converting 
iamplifier (supra) . 
Fig. 3. shows an I.C.A.S. device in 

schematic form, together with 
associated circuitry. 
Fig. A. shows a partiaily-cbmpleted 

I.CiA.S. device engineered oh 
a converiional TO-5 type micro- 
electronic header . 
Fig. 5. shows a completed I.C.A.S. device 

(TO-5 form). 
Fig. 6. shows the plan view of a partially 
completed I.C.A.S. device mounted 
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on a flexible printed circuit 
substrate for catheter-tip type 
operation. 

Fig. 7- shows the end elevation of device 
of Fig. 6. 

Fig. 8. shows* the end elevation of device 

of Fig. 6 after completion 

of fabrication. 
Fig. 9". shows the front elevation of 

device of Fig. 8. 
Fig. 10. shows an I.C.A.S. electrode tip 

with bare electrodes. 
Fig, 11. sJiows ah I.C.A.S. electrode tip 

with additional films or 

menibranes deposited over the ^ 

bare electrodes. 
Fig. 12. shows ah I.C.A.S. engineered into 

a conventional pO^ measurement 

cell . 

Fig. 13. shows an I.C.A.S. device engineered 

as ah ehzyme-resporisive electrode. 
Fig. 14. shows an response characteristics 
of an I.C.A.Si device fTd-5 type). 
(For the purposes of clarity, the power 
supply connections to the amplifiers in Figs. 1 and 2 have 
been omitted . ) 

Detailed Description of the. Invention 

According to the present invention there 
is provided an amperbmetric electrode pair and associated 
semiconductor signal-processing element, or plurality 
thereof, integrated into a single assembly, and methods 
for the fabrication of the same using novel techniques. 
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One or more of the. amperometric sensing electrodes 
may be formed using silver, platinum or other noble 
metal in wire or strip form; however our technique 
employs the use of microelectronic bonding wires, such 
as those commonly us'ed'to make electrical connections 
between the microelectronic signal-processing element 
and the electrical connections by which external 
electrical acces3 to it is gained (i.e. the bonding 
post of a microelectronic mount, such as a TO-5 type 
header), as one or more of the active sensing electrodes. 
This is feasible and highly desirable for three reasons: 

1) bonding wires are commonly made of 
gold (Au - 1% Si) ; 

2) bonding wires are comm.only 25 lim 
diameter; 

3) the sensing electrode can be bonded 
directly on to the microelectronic 
signal-processing element (or 
indirectly, via a bonding post). 

There are various ways in which the 
appropriate curpent-to-voltage and impedance conversion 
may be effected using, for example, a dual-differential 
transistor pair or an operational amplifier, as will 
readily be appreciated by those skilled in the art. 
The technique and circuit elements described herein- 
after are chosen as illustrative examples only and not 
intended to define or impose limitations on the way in 
which signal-processing is carried out. Rapid progress 
in microelectronic technology will undoubtedly generate 
more sophisticated semiconductor elements suitable ' 
.for this application, and we do not exclude any of 
these from the scope of the present invention. For 
descriptive purposes we have chosen to illustrate 
the principle of operation and. mode of fabrication 
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of IvG.A.S.. devices employing an operational amplifier 
(3) in current-to-voltage conversion mode (Fig. 1) 
as the signal-processing element, as will be readily 
appreciated by those skilled in the art, such that 
th6 input current I (from current source 1), feedback 
resistdr R (2) and output voltage exhibit the 
relationship --E^ = 1 x R. However, the currents 
generated by amperometric sensing electrodes are small, 
typically several nahbamperes for. PO2 = 150 mmHg, 
which necessitates the use of an amplifier with a 
high input impedance. Typically the CA 31 AO 
(R.C.A. Ltd., N/J., U.S.A.) may be used for this 
purposie. For practical reasons, the use of a 10 
megohn feedback resistor (2) provides an output 
E^, of do mV per 1 nA input current, but this value 
may be varied in order to increase or reduce 
sensitivity. 

Fig. 2 shows a conventional amperometric 
electrode pair connected to such circuitry as is 
described above, and a silver/silver-chloride anode 5f 
and an inert metallic (gold) cathode 6' exposed to a 
conducting aqueous solution 7. in a container 8, pbl^ 
arized by a variable voltage source A, set to Cf 0.65 
with respect to system common and hence with respect 
to the cathode which is connected to- the amplifier virtual 
earth port. The current generated by the reduction of 
oxygen at the cathode 6 provides a proportional output 
voltage E^ at low impedance (60 ohmp) suitable for 
driving peripheral recording and/or display instrument- 
ation. 

The present invention (Fig. 3) comprises 
sin assembly with sensing electrodes (5,6) and signal- 
processing element (3) integrated and encapulated into 
a single element (11), with electrical access to a 
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polarizing voltage source (A), a power supply (9,10) 
and a gain-determining resistor (2). Tho physical 
iinpleraehtation of such a device is deiscribed below; 
first, in TO-5 format; second, in "catheter -tip" 
format. 

I . C > A , S . fabrication I ; .TO-5 format 

(1) The integrated-circuit amplifier 
(Fig. 4) 12 is mounted on toa tO-5, or similar, micro- 
electronic header 13. The chip is electrically 
connected to the header bonding posts 15 using well- 
known wire bonding techniques employing fine gauge 

(25 |im) gold wire 1^. . 

(2) The header-^chip wire bond to the 
inverting input of the amplifier is made .16 and the wire 
is not cut but pullecj vertically upwardis before 

being severed. (Alternatively, a separate bond to 
either the chip bonding pad or the header bonding post 
may be jnade and the wire drawn upwards as before). This 
provides a loose 25 jxm diameter gold wire 17 bonded 
directly on, or indirectly to, the inverting input of the 
amplifier 12. 

(3) A counter electrode (e.g. an anode) 
is formed by bonding another gold bonding wire on to an 
unused . header post, in a similar fashion, or by using 
a larger diameter silver wire 18, electrically 
connected, and bonded to, a spare post. 

(A) An encapsulating agent is used to 
enclose all of the electrical connections oh the 
surface of the header (Fig. 5). There are several agents 
suitable for this purpose. The general requirements are 
that the material must be a good electrical insulator, 
must be resistant to chemical attack, solvation and 
ionic penetration, must adhere well to .the header surface 
roust have a viscosity low enough to flow around the 
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delicate bonding wires without damaging them or the 
flying leadouts (17, .18), and must be applicable using 
methods which are compatible with mass-fabrication 
processes. We have found that a slightly thixotropic 
epoxy is suitable, such as Epo-tek H5A (Alpha Metals 
Ltd., Surrey, England), which may contain 1.8% Azo black 
dye as an optical mask (Alp^xa Metals Ltd.), but we have 
already described the use of a superior encapsulating 
agent, Bis-GMA {and Bis-GMA urethane adducts) in an 
earlier U.K. patent application (No. 8111199) for a 
similar purpose. Bis-GMA (an adduct for bis-phenol A and 
glyidyl metheracrylate [2,2-bi5(p^(2-hydroxy 3-methacryloxy 
propoxy) phenyl) propane] is a photopolyinerizable plastic 
used in the dental profession for sealing occlusal surfaces 
for the prevention of dental caries.. 

Several drops of Bis-GMA resin are 
applied to the surface of the header and flow over and 
around the bonding wires and the chip, forming a 
dome of fluid material 19. This is polymerized 
by brief (30-120 s) exposure to U.V. radiation, and the 
excess surface material is ultrasonically rinsed off 
(10 s) in isopropyl alcohol, or similar solvent. 

(5) the Sensing electrodes (20,21) are 
machined and polished flush with the surface of the 
encapsulating material. 

I>C.A.S. fabrication II; catheter- tip format 
. . (1) The operational amplifier el-emeht 

22 (Figs. 6 to 9) is affixed with .cyanoacrylate 
adhesivie to the tip of a flexible printed circuit 
(FPC) strip comprising ah array of copper strips 2A 
on a flexible plastic substrate 23 which is terminated 
with a suitable connector for electrical access. The 
amplifier is appropriately wire-bonded 25 to the 
conducting strips. 
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(2) A silver plate 26 approximately 1 
mm X 2 mih X 0.2 min is affixed to the tip of the FPC 
With cyanoacrylate adhesive. 

(3) A wire bond 27 is formed between 
the proximal edge (i.e* chip side) of silver plate 
26 arid a conductive strip on the FPC. 

(A) A gold wire bond 28 is made between 
the distal edge of silver plate 26 and the inverting 
input of the amplifier chip 22. 

(5) The tip of theFPC is dip-coated in 
encapsulating material 29 s(vide supra) which is 
polymerized as appropriate to the material. 

(6) The tip of the assembly is machined 
atWay and polished, (Fig. 8)^ such that a gold bonding 
wire connected to the amplifier inverting input is 
expased 28 and also disconnected from the silver pl^ 
ate 26 to which it was bonded for the purpose of 
dimple fabrication. 

(7) The Assembly is mounted into a 
catheter-tip, if so required, for biomedical usage. 

It must be noted that, in the descriptions 
hereinbefore, the terms "anode" and "cathode" are 
interchangeable, since, for the detection of oxygen, 
a positive polarizing voltage is required, whereas 
a negative polarizing potential is required for the 
detection of hydrogen peroxide in accordance with the 
electrode reactions: 

0^ + 2H^0 + 2^- V HgOg + 20H". (1) 

H2O2 + Ze" — ^ 20H" (2) 

The materials used for the anode and 
cathode may be selected according to the type of 
application required of the I.C^A.S. device, but the 
most common requirement is that the cathode (connected 
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to amplifier inverting input) is gbld^ and that the 

anode is silver, subsequently elect rolytically , 

chloridised by well-knbwn techniques- to form a non- 

pdlarizable (i.e. reversible) silver/silver-chloride 

electrode. While We advocate a gold cathode and silver/ 

silver-chloride anode, We do not rule out the use 

of other materials in this context, or of a remotely 

situated, i.e. non-integral, anode. For example, 

a stainless steel hypodermic needle has been used as 

the anode in a gold-cathode oxyge:n electrode (see 

"A hypodermic needle pO^ electrode", Wahlen, W.J. 

arid iSparide, j.I., J. Appl, Physiol. (1980), 48 , 

186-7). 

The active, chertical-sensing surface of 
the I.C*A.S. device is shown in simplified form in 
Fig. 10, and comprises typically a silver anode 22 
with chloridised, exposed tip 23 and a gold cathode 
2A contained in chemically-resistant encapsulation 26. 
The use of bare electrodes of this type in blood 
analysis may sometimes initiate protein deposition on 
the electrode surfaces. Fig. 11 shows an. improved 
system for biomedical application incorporating 
a thin film of phosphate buffer iri agarose gel 
form 27 arid a gas permeable membrane 28 affixed to 
the device surface by dip-coating, or other means, 
so that the electrode system is partitioned from 
the blood sample under test. The membrane may be 
made from polypropylene, polyethylene, teflon or 
similar material such as is used in conventional 
electrode systems, and having a typical thickness 
of 20 ^m*. 

I.C.A.S. devices may be used in conventional 
electrode assemblies to act as superior replacements 
for the active conventional elements (e.g. platinum 
in glass) as shown' in Fig. 12, where a device, as 
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described in Fig. 10, is mounted into a holster 32 
containing a phosphate buffer 29 and having a gas- 
permeable membrane 30 located over the I.C.A.S with a 
rubber or silastic 0-ring 33^ A remote silver/silvier- 
chloride anode 31 may be used if already present in 
a conventional electrode holbter. 

A further important applicatioh of 
liC.A.S. devices is their use as enzymatic-respbhsive 
sensors, when appropriately modified (Sig* 13). This 
involves the attachment of dne or more suitable 
membranes 34,35 to the surface of a bare I.C.A.S>y 
by dip-coating, physically locating or other means, 
and polarizing the secondary eleptrodie (i.e. not 
the electrode connected directly to the integral 
amplifier) at approximately -650 mV such that the ti 
device acts as a hydrogen peroxide sensor and generates 
a signal in proportion to the amount of hydrogen 
peroxide oxidised at the primary electrode. The 
membrane or membranes may be polymer coatings of 
immobilized enzyme, such that an enzymatic reaction, 
with Or without appropriate co-factors, which liberates hydrogen 
peroxide : - 

oxidase 

substrate + 0^ ^ product ^ ^2^2 

can be sensed by the I.C.A.S. device. Typically, 
glucose oxidase can be used for glucose, and lactate 
dehydrogenase for lactate. Modifications of this 
type with respect to conventional aroperometric 
electrodes have already been referred to (Bertrand 
et al • , supra ) • 

Fig. 14 shows the response characteristics 
of an I.C.A.S. fabricated according to the methods 
described aibove (I.C.A.S. fabrication I: t6-5 format), 
using Bis-GMA encapsulant polymerized with U.V, light 
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for 120 seconds, and employing a CA 3140 amplifier with 

10 megohm element feedback resistor, a 25 \im diameter 

Au-1% Si bond-wire cathode, and a 0.7 mm x 0.3 mm 

silver anode, surf ace-chloridised in 0.1 mol dm*"^ HCI 

at 50 iik for 5 seconds. 

The device was amounted on the tip of a 

polycarbbriate tube, forming a dip-type sensor^ and 

supported in 25 ml 0.2 mol dm KCI solution at 2A<'C. 

An oxygeh/nitf ogeh gas stream was bubbled through. the- 

tl . 

solution from Wosthoff pumping system, set . 
initially to deliver 0% O^; 100% Ng* ^ current- 

voltage curve was obtained (Fig. T4, curve A) by 
sweeping the anode potential from 0 V to +1.1 V in 
10 mV increments (2s/ihcrement ) under minicomputer 
control (HP 9815). The oxygen percentage in the gas 
mixture was incremented by 10% and after the .system 
had equilibrated, a second current-voltage curve was 
.obtained (Fig. 14, curve B). This process was 
repeated up to a 50% oxygen level (Fig. 14, curve 
F), allowing a set of curves to be obtained. 
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CLAIMS : 

1. A miniature sensor assembly for the 
detection and electrochemical measurement of 
oxygen and/or other chemical porperties of the 
envirohroeht to which it is exposed, comprising: 

a microelectronic semiconductor element (12) or • 
plurality thereof; a metallic sensing electrode (20, 
21) or plurality thereof; a substrate (13) for the 
physical support of the aforementioned and permitting 
external electrical connections to be made to the 
said semiconductor ele;nent(s) and electrode ( s ) , 
integrally combined and enclosed, or partially 
enclosed, in a chemically-resistant electrically 
inert material (19) in such a way as to expose a 
portion of one or more of the metallic electrodes 
to the environment. 

2. A miniature sensor assembly according 
to claim 1, where one or more of the electrodes is a 
gold or gold-alloy micrbelectronic bonding wire, a 
wire of platinum, or other noble metal, or a silver 
wire, strip or plate. 

3. A miniature sensor assembly according 
to claim 1 or 2 , where the microelectronic semi- 
conductor element is an operational amplifier or 

a dual-differential transistor pair. 

4. A miniature sensor assembly according 
to any of claims 1 to 3, where the encapsulation 
material is Bis-GMA or a Bis-GMA urethane adduct, 
polymerized by U.V. irradiation or other appropriate 
means . 
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5. A miniature sensor assembly according 
to any of claims 1 to 4 , where the substrate is a 
microelectronic heiader-, including TO-5,. 10^99, CERDIP 
and DIL types, a flexible or ri.bn-f lexible printed- 
circuit element j or is formed- on a ceramic or similar 
base using thick^fllm techniques. 

6. A mihiature sensor assembly according to 
any of claims 1 to 5, where one or more of the expoised 
metallic electrodes is overlain by a liquid or gel 
film containing an electrolyte or buffered 
electrolyte, overlain by a thin-, gas-permeable 

or selectively gas-permeable membrane of polypropylene, 
teflon, polyester or similar material • 

T. A miniature sensor assembly according to 

any of claims 1 to 6, where one or more of the exposed 
metallic surfaces afe collectively or individually 
overlain by one or more membranes containing, or having 
bouhd thereto, specifically reactive enzyme system. 

8. A mihiature sensor assembly according to 

any of cliaimis 1 to 7, affixed to a catheter tip for 
biomedical use. 

9« An instrument or apparatus including a 

miniature: sensor assembly according to any of claims 1 
to 7. 

10. A miniature sensor assembly according to 

any of claims 1 to 7, engineered into a flow-through 
cuvette OP into a transcutaneous, gas-sensing electrode. 
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